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Introduction 

The purpose of this Note is to provide a procedure for creating artificial 

input data corresponding to test spectra of any desired shape or complexity. 

These input data can then be used to test the accuracy, resolution, convergence 

and other characteristics of neutron spectrum unfolding codes. 

The results of a few tests using the SWIFT Monte Carlo unfolding program 

(Ref. 1) are included as examples in this report. SWIFT selects the four best 

spectra from the many “histories” based on a worst case ball comparison and 

computes the average of these spectra. 
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Spectrum Unfolding 

Various unfolding methods are based on solving the homogeneous Friedholm 

equation which, in discrete form, is 

cr = ; 
i=l 

N(Ei)Rr(Ei)AEi r=l.m (1) 

taken over m detectors and n energy increments. 

Cr = response of detector r 

*gi = ith energy increment 

Rr(Ei) = response matrix element corresponding to detector r and energy group i 

N(gi) = differential neutron fluence (dN/dEi) for the ith energy group. 

Equation 1 can be rewritten as 

Cr = T=, E(Ei)AEJ Rr(Ei) (2) 

where the quantity in brackets represents the number of neutrons (actually, 

n/cm*) having energies in the range AEi. 

In Practice the C, are measured, R,(Ei) are.calculated, and a spectrum 

Nazi vs ~~ is obtained by unfolding. N(Ei) and dose-related quantities are 

calculated from the unfolded spectrum. It is useful for test purposes to create 

test data Cr that, when properly unfolded, will yield test spectra having 

certain desired characteristics. 



3 

Test Spectra 

Single-group test spectra are the simplest test spectra for which detector 

responses can be calculated. The responses Cr of the r detectors for a unit 

single-group spectrum in energy group i=k are (from Eq. 2). 

‘r = [.I 1 R,(Ek) r=l ,m (3) 

Such single-group responses Cr are listed in the r=1,8 columns and i=1,31 

rows of Tables 1 through 4. The four tables contain values of four different 

response functions (Refs. 2 and 3) corresponding to various detector size and 

polyethylene sphere density combinations. 

Complex multiple-groups test spectra can be constructed by summing selected 

single-group elements in chosen proportions. 

Examples 

Several examples of multiple-group test spectra have been constructed and 

unfolded using SWIFT. Tables and graphs of the output are included in this 

report. Estimates of the rate of convergence with respect to number of 

histories are discussed in Ref. 1. The number of Monte Carlo histories used in 

this analysis was 3.15 x 106. All examples were constructed using the Cr values 

of Table 1. 



4 

Example 1 : Peaks in Groups 23 and 25 

cr= 1 
[.I 

Rr(Ez3) + 1 [I Rr(E25) (4) 

Input detector counts for this spectrum were constructed by summing 

corresponding elements in rows 23 and 25 for each of the m=8 columns of Table 1. 

The input counts and counts recalculated following unfolding are listed in 

Tables 5A and 5B together with the results %N(EI)~Ei, N(Ei) and other quantities 

of interest. In this case all four individual (and hence the average) spectra 

show peaks in the correct groups in proper proportion. 

The spectrum is listed in columns 10 and 11 of Table 5A and plotted in 

Figure 1A in such a way that visual intergation is possible. The area under the 

curve for each energy bin is proportional to the neutron fluence within that 

bin. The figure shows the spectrum contains peaks in groups 23 and 25 in proper 

proportion. 

It is clear from the results of this test that SWIFT unfolded the spectrum 

correctly. 

Example 2: Peaks in Groups 1 and 12 

cr = (5) 
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This spectrum was constructed by adding 0.7 times the elements of row 1 to 0.3 

times the elements of row 12 for each column r of Table 1. The SWIFT output is 

shown in Tables 6A and 6B and Figure 2. SWIFT unfolded this spectrum with only 

partial success. The respective areas under the peaks in group 1 and the 

combination of groups 12 and 13 of Fig. 2A are approximately in the proper 

proportion. Inspection of columns 3, 5, 7 and 9 of Table 6B shows that 3 of the 

4 individual spectra are correct but the fourth deviates from the expected 

spectrum. One could expect that SWIFT would eventially find a suitable fourth 

spectrum if more histories were run. 

Example 3: Peaks in Groups 23, 25 and 27 

Cr = p] Rr(E23) + [l] Rr(E25) + [l-j Rr(E27) (6) 

This example is an extension of Example 1 with a third group added. The SWIFT 

output is found in Tables 7A and 7B and Figure 3. It is expected that one third 

of the fluence would be found in each of the three groups. However, columns 5 

of Table 7A and columns 3, 5. 7, 9 of Table 7B show that SWIFT has failed to 

produce the proper spectrum. Three of the four individual spectra properly 

placed about one third of the fluence in group 23 but group 25 incorrectly 

contains the rest of the fluence. It is possible that spectra containing 3 or 

more peaks could be resolved by SWIFT if enough histories were taken (See 

Ref. 1). However, the cost in CPU time to give this a true test is prohibitive. 
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Example 4: Peaks in Groups 1, 2, 3, and 4 

Rr(E1 + 1 Cl Rr(E2) + 1 Cl Rr(E3) + 1 c-1 Rr(E4) (7) 

This test is constructed by adding the first four elements in each column of 

Table 1. The SWIFT results are shown in Tables 8A and 8B and Figure 4. The 

$N(E)DE values in the tables show that one fourth of the fluence is in group 1 

but the remaining fluence is in group 3. Figure 4A shows this graphically as 

histogram areas. The error bars in the figure are small and would mislead one 

into thinking that a correct solution had been obtained if the test spectrum 

were not known. 

The results of Examples 3 and 4 show that complex spectra unfolded by SWIFT 

may likely be in error, especially if too few histories are included in the 

analysis. 

Example 5: Equal Fluence in All 31 Groups 

31 
cr = r 

i=j ’ [I Rr(Ei) (8) 

The m=8 detector input data are the sums of the n=31 elements in each of the 8 

columns of Table 1. The SWIFT results are listed in Tables 9A and 9B and shown 

in Figure 5. SWIFT yields the fluence in group 1 with a small error and the 

remaining flux is spread (apparently) randomly among the remaining thirty 

groups. These results are not inconsistent with what one might expect. 
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However, the large error bars would indicate that the spectrum is not 

sufficiently resolved. 

It should be noted that in Examples 2, 4, 5 and other tests not shown, the 

part of the spectrum contained in group 1 appears correct and has a small error 

even if the rest of the spectrum is incorrect or uncertain. 
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Comments 

Single- and double-group spectra can usually be unfolded by SWIFT with good 

resolution provided a sufficient number of histories are run (Ref. 1). However, 

more complex test spectra and actual measured spectra probably can not be 

unfolded in precise detail by SWIFT, at least using reasonable amounts of 

computer time. 

This is not to say that SWIFT is not useful in spectral analysis. On the 

contrary, to put the problem in proper perspective we must focus on what 

information is usually sought when unfolding codes are used. An important goal 

with spectrum measurements is to obtain information about dose, dose equivalent, 

and quality factors. 

For four of the five examples described in this Note (see Table 10) dose, 

dose equivalent and quality factor values from SWIFT are within a few percent of 

the expected values calculated from the original test spectra. This is, indeed, 

encouraging. However, the discrepancy in Example 3 illustrates the effect 

errors in the unfolded spectrum can have on dose-related quantities. 

The moral here, if a moral is to be drawn, is that future emphasis should 

go toward understanding errors and limitations in dose-related quantities 

obtained with unfolding codes. 
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Summary 

Input data for single-group test spectra are listed in the tables. Five 

examples are shown to illustrate the method of constructing multiple-group test 

spectra from the single-group input data. Such multiple-group spectra can be 

used to test the characteristics of spectrum unfolding programs. 

The Monte Carlo program SWIFT was used to unfold the spectra in the five 

examples. Some of the successes and limitations of SWIFT are pointed out. 

Acknowledgment: Appreciation is expressed to Alex Elwyn for reading a draft of 

this Note and for offering valuable suggestions. 
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Tables 

Table 1 Detector Input Values for Single-Group Test Spectra. 

Detector and 0.95 g/cm3 Density Spheres. 

Table 2 Detector Input Values for Single-Group Test Spectra. 8x8 mm LiI 

Detector and 0.95 g/cm3 Density Spheres. 

Table 3 Detector Input Values for Single-Group Test Spectra. 

Detector and 0.92 g/cm3 Density Spheres. 

Table 4 Detector Input Values for Single-Group Test Spectra. 8x8 mm LiI 

Detector and 0.92 g/cm3 Density Spheres. 

Tables 5A, 5B 

Tables 6A, 68 

Tables 7A, 7B 

Tables 8b, 88 

Tables 9A, 9B 

Example 1 

Example 2 

Example 3 

Example 4 

Example 5 

SWIFT 

SWIFT 

SWIFT 

SWIFT 

SWIFT 

Analysis 

Analysis 

Analysis 

Analysis 

Analysis 

4x4 mm LiI 

4x4 mm LiI 

Table 10 Comparison of Dose, Dose Equivalent, and Quality Factors for Examples. 

Calculated values are from original test spectra. SWIFT values are 

copied directly from Tables 5A-9A. 
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Figures 

Figure 1 

Figure 2 

Figure 3 

Figure 4 

Figure 5 

Example 1 

Example 2 

Example 3 

Example 4 

Example 5 

SWIFT Analysis 

SWIFT Analysis 

SWIFT Analysis 

SWIFT Analysis 

SWIFT Analysis 
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